Background: Minimal hepatic encephalopathy (MHE) is defined as hepatic encephalopathy (HE) without symptoms on clinical/neurological examination, but with deficits in some cognitive areas that can only be measured by neuropsychometric testing. Aim: Our aim was to study serum zinc levels in cirrhotic patients with and without MHE and correlate it with the results of neuropsychological tests and P300 event related potential. Patients and Methods: Fifty-five patients with liver cirrhosis were recruited for the present study. All patients were subjected to full history taking, clinical examination, abdominal ultrasonography, laboratory investigations including liver function tests and serum zinc, psychometric studies (line tracing test and serial dotting test) and P300 event related potential. According to the results of psychometric studies and P300 event related potential, the patients were divided into 3 groups in addition to the control group. Results: Among the 55 patients included in the study, 30 patients had no clinical evidence of HE and 25 patients had overt HE with different grades. In patients with no clinical evidence of HE, psychometric tests and P300 event related potential revealed that 13 patients had MHE, while 17 had no HE. There were significantly lower serum zinc levels in patients with MHE and in cirrhotic patients without HE compared with the healthy controls. Also, zinc levels were significantly lower in higher grades of hepatic encephalopathy. Serum zinc levels showed positive correlation with serum albumin levels and inverse correlation with serial dotting test and P300 latency. Conclusion: Reduced serum zinc level and prolonged P300 latency can serve as predictors of minimal hepatic encephalopathy in cirrhotic patients. Zinc deficiency is common in cirrhotic patients with MHE. These findings may have important prognostic and therapeutic implications in MHE and overt HE patients with zinc deficiency.
Introduction
Hepatic encephalopathy is a potentially reversible, metabolically caused disturbance of central nervous system function that occurs in patients with acute or chronic liver disease. MHE is defined as HE without symptoms on clinical/neurological examination, but with deficits in some cognitive areas that can only be measured by neuropsychometric testing [1] . MHE has a high frequency among patients with liver cirrhosis (22% -74%) and also occurs in patients with non cirrhotic liver disease such as portal vein thrombosis [2] or portosystemic shunt [3] . The true frequency of patients with MHE is unknown, firstly because the diagnostic criteria in use around the world are not entirely uniform, and secondly because MHE often remains undiagnosed due to the lack of evident symptoms [4] . However, numerous studies have shown that, although the neurological symptoms are slight, affected patients are markedly impaired in their quality of life and ability to work [5] . Various tools have been evaluated for the diagnosis of MHE including neuropsychological tests, neurophysiological tests as auditory brain stem response, p300 event, regional cerebral blood flow changes [6] , magnetic resonance imaging and spectroscopy [7] . Several hypotheses attempt to explain the etiopathophysiology of HE. Metabolic products from the intestine are normally metabolized in the liver. However, in people with significant liver disease, impaired hepatic detoxification leads to systemic accumulation of by-products of gut metabolism, specifically ammonia [8] . Zinc is integrally involved in the metabolism of ammonia. Zinc deficiency markedly decreases the activity of the urea cycle enzyme, ornithine transcarbamylase, and zinc supplementation corrects this [9] . Similarly, zinc deficiency has been reported to impair activity of muscle glutamine synthetase, which causes hyperammonemia [10] . Glutamine synthetase activity has also been reported to be decreased in patients with hepatic encephalopathy [11] .
Aim of Work
This work aimed to study serum zinc levels in cirrhotic patients with and without minimal hepatic encephalopathy and correlate it with the results of neuropsychological and auditory P300 event related potential.
Patients and Methods
This study is a case-control study. Fifty-five patients with liver cirrhosis were included. Patients with history of alcohol intake, drug abuse, drug intake as sedatives, diabetes mellitus, chronic renal failure, recent head trauma, trans-jugular intrahepatic porto-systemic shunt were excluded from the study in order to avoid coexistent neuropathy or other brain dysfunction. Patients with fever, sepsis or shock, were also excluded to avoid variations in nerve conduction caused by body temperature. Patients were divided into 3 groups:
Group I: Seventeen patients with liver cirrhosis without minimal hepatic encephalopathy. Group II: Thirteen patients with liver cirrhosis with minimal hepatic encephalopathy. These patients were diagnosed based on the results of psychometric tests (serial dotting and line tracing test) and P300 event related potential. Patients who showed abnormal results of at least two of these tests were considered.
Group III: Twenty-five patients with liver cirrhosis with overt hepatic encephalopathy. The control group: Included thirty healthy individuals (without any evidence of liver disease) matched for age and sex with the study group.
Methods
Before starting the study, the protocol was approved by faculty Ethics Committee. All participants signed written consents then the following were done: Full history taking, clinical examination, abdominal ultrasonography, laboratory investigations including liver function tests and serum zinc, psychometric studies and P300 event related potential.
Serum zinc level was determined by atomic absorption spectrophotometric technique using Perkin-Elmer atomic absorption spectrophotometer model 2380.
Psychometric studies: A) Line tracing test (LTT):
It is a test of motor speed and accuracy. The subjects were asked to follow the route of the labyrinth without crossing or even touching the borderlines. For assessment of the test result the whole route was divided into small sections and each touching or crossing of the border in a section was counted. The number of mistakes and the time needed to go through the labyrinth, both, were the test results [11] .
B) Serial dotting test (SDT):
It is a test of pure motor speed. The subjects were asked to put a dot in each of the 100 circles given on the sheet, after they had been prepared by dotting the 20 circles at the top of the sheet, first. Test result was the time needed to complete dotting of all circles [12] .
P300 event related potential:
We used odd-ball paradigm 1000 and 2000 Hz tone bursts within 50 m·sec·rise/fall time and 200 m·sec·plateau duration. It was presented at intensity level of 80 dBSPL. Stimuli were presented randomly at a rate of 0.5/sec, 80% of them were 1000 Hz tone (target tones) with a total number of 100 stimuli in each run. The patient was instructed to raise his/her hand for each target stimulus.
Assessment of the severity of liver disease:
Child-Pugh score [13] was used to assess the severity of liver disease: Three laboratory tests (bilirubin, albumin, and prothrombin time), combined with the presence and severity of encephalopathy and ascites, were included in the Child-Pugh score.
Statistical Analysis
The data were analyzed by SPSS version 16. Continuous data were expressed as mean ± SD, and categorical data were expressed as numbers and percentages. Comparisons of differences between two groups were performed by the Student's t-test for the continuous data, Chi-square test or Fisher's exact test for categorical data. One-way ANOVA test for comparing the means of serum zinc levels in the studied groups. Pearson's r correlation test was used to evaluate the correlation for continuous variables. P values of less than 0.05 were considered significant, P values of 0.05 -0.01 were considered mild significant, P values of less than 0.01 -0.001 were considered moderately significant and P values of less than 0.001 were considered highly significant.
Results
Among the 55 patients included in the study, 30 patients had no clinical evidence of HE and 25 patients had overt HE. Serum zinc level was variable in different grades of HE ( Table 1) . In patients with no clinical evidence Table 2 . Comparison of age, sex, neurological tests, and serum zinc between patients with no HE, MHE, and healthy controls were shown in Table 3 .
The time needed for serial dotting test and line tracing test was significantly prolonged for cirrhotic patients with no HE and MHE than the healthy controls. Also, the time needed for serial dotting test and line tracing test was prolonged for patients with MHE than patients with no HE but with no statistically significant difference. The number of errors of line tracing test was more in patients with MHE than no HE and healthy controls but with no statistically significant difference. The mean P300 latency was significantly prolonged in patients with MHE than no HE and controls ( Table 3) .
Patients with no HE and MHE showed significant reduction in serum zinc levels compared to healthy controls (P = 0.000). Also, there was more decrease in the serum zinc levels in patients with MHE than no HE, but the difference was statistically insignificant ( Table 3) .
Serum zinc level was significantly lower in higher grades of hepatic encephalopathy (Table 4, Figure 1 ). There was a positive correlation between serum zinc levels and serum albumin levels. There was no correlation between serum zinc levels and either of serum bilirubin and prothrombin time. There was insignificant correlation between serum zinc levels and serial dotting test and line tracing test. There was a significant negative correlation between serum zinc levels and p300 latency ( Table 5) . Figure 1 . Serum zinc levels in the studied groups. Serum zinc levels were significantly lower in higher grades of hepatic encephalopathy (F = 5.301, P = 0.001). Table 5 . Correlation between serum zinc and some laboratory data, psychometric tests (serial dotting and line tracing tests) and P300 event related potential. 
Discussion
In our study we diagnosed MHE in 13 (43.33%) patients out of 30 cirrhotic patients without overt encephalopathy by using combination of psychometric tests (line tracing test and circle dotting test) and auditory P300 event-related potential. Psychometric testing is a well known method for diagnosing and measuring MHE. In our study we found a significant increase in the time needed for doing serial dotting test, line tracing test, and increase the number of errors in line tracing test in patients with No HE and patients with MHE than controls. This has been previously documented by Farid et al. (2000) [12] and Ramzy et al. (2008) [14] . When we compared the results of serial dotting test and line tracing test in patients with No HE and those with MHE insignificant differences were found. The mean value of P300 latency was significantly prolonged in No HE and MHE patients than healthy controls. Also, the P300 latency was significantly prolonged in MHE than No HE patients. This was in agreement with Farid et al. (2000) who found similar results [12] . This could be explained by P300 changes that may reflect early impairment of cognitive function. Thus, auditory P300 event-related potential is more sensitive than psychometric tests in detecting MHE.
Saxeno et al. (2002) found that the mean P300 latency in cirrhotic patients was significantly prolonged than in controls [15] . Weissenborn and his collogues (1990) found abnormally prolonged P300 latency in 30% of cirrhotic patients without overt HE [16] . Also, Galli (1995) found that 54.5% of cirrhotic patients with no clinical hepatic encephalopathy had significantly increased P300 latency. These changes of P300 latency indicate brain dysfunction even with no clinical evidence of hepatic encephalopathy the so called minimal hepatic encephalopathy [17] . On the other hand, other studies as Davies et al. (1990) found increase in the P300 latency only in patients with overt HE [18] .
In the present study we found significantly lower serum zinc levels in both patients with MHE and cirrhotic patients without HE compared to the healthy controls. This is in agreement with McClain (1991) [19] , Rahelić et al. (2006) [20] and Ramzy et al. (2008) [14] . This also has been previously documented by Yang et al. (2004) who concluded that cirrhotic patients suffering from subclinical portosystemic encephalopathy had lower serum zinc levels than control subjects [21] . The results confirmed Kugelmas' study (2000) , who explained low zinc levels by malnutrition, insufficient protein intake, low absorption and high urinary excretion due to excessive diuretics administration [22] . Also, in decompansated cirrhotic patients, a greater proportion of zinc is albumin bound or α2 macroglobulin bound which may exaggerate the zinc deficiency state [23] . Therefore, zinc supplementation might play an important role in the prevention of HE by activating glutamine synthetase 1 [24] .
In our study, serum zinc levels were variable with different grades of hepatic encephalopathy. It was significantly lower in higher grades of hepatic encephalopathy thus serum zinc deficiency may play a role in hepatic encephalopathy if not well corrected.
In the current study, there was a positive correlation between serum zinc levels and serum albumin levels. This is in agreement with loomba et al. (1995) [25] and Ramzy et al. (2008) [14] .
We found that serum zinc levels had no correlatation with serum bilirubin and prothrombin time. However, other studies as Loomba et al. (1995) [25] and Ramzy et al. (2008) [14] showed that serum zinc levels were inversely correlated with prothrombin time. Also, Moriyama et al. (2006) showed positive correlation between serum zinc levels and serum bilirubin [26] .
In our study, serum zinc levels showed insignificant negative correlation with serial dotting and line tracing tests. This may be related to other factors as educational levels of the patients. In addition, serum zinc levels showed significant negative correlation with P300 latency. This is in agreement with Ramzy et al. (2008) [14] . Zeng et al. (2003) found zinc administration can lead to improvement in psychometric test results [27] .
The limitations to our study are the relatively small number of patients, and it would be interesting to determine whether this association holds true in longitudinal follow-up studies of larger groups of patients.
Conclusion
Reduced serum zinc level and prolonged P300 latency can serve as predictors of minimal hepatic encephalopathy in cirrhotic patients. Zinc deficiency is common in cirrhotic patients with MHE. Therefore, early correction of malnutrition and zinc supplementation may be important to minimize development of overt hepatic encephalopathy. These findings may have important prognostic and therapeutic implications in MHE and overt HE patients with zinc deficiency.
